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(54) PNEUMATIC TIRE

(57)  [Object] Provided is a pneumatic tire 42 having
excellent cornering performance and acceleration per-

formance. 42
[Solution] The tire 42 includes a carcass 50 that in- /
cludes a carcass ply 70. The carcass ply 70 includes 52

carcass cords. An absolute value of an angle of the car-
cass cords relative to an equator plane is not less than
80° and not greater than 90°. The tire 42 includes a filler
62 that includes an inner portion 92 and an outer portion
94. An end 96 of the inner portion 92 and an end 98 of
the outer portion 94 are disposed between an end 108
of a belt 52 and an end 78 of a turned-up portion 72b of
the carcass ply 70 in a radial direction. A ratio of a height,
in the radial direction, of an apex 68 of a bead 48 to a
cross-sectional height of the tire 42 is not less than 45%.
A ratio of a height, in the radial direction, of the inner
portion 92 to the cross-sectional height, and a ratio of a
height, in the radial direction, of the outer portion 94 to
the cross-sectional height are not less than 35%.
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Description
TECHNICAL FIELD

[0001] The present invention relates to pneumatic tires. More particularly, the present invention relates to pneumatic
tires for vehicles that run on circuits.

BACKGROUND ART

[0002] On circuits, when a vehicle enters a corner, the vehicle is decelerated. After exiting the corner, the vehicle is
accelerated. For the cornering, quick cornering and outstanding acceleration are required. It is considered that, in order
to achieve quick cornering and outstanding acceleration, a tire needs to have a high stiffness in its lateral direction, and
needs to be flexible in its rotational direction.

[0003] FIG. 7 shows a part of a conventional pneumatic tire 2. In the tire 2, a carcass 4 includes a first ply 6 and a
second ply 8. The first ply 6 is turned up around a bead 10 from the axially inner side toward the axially outer side. The
second ply 8 is turned up around the bead 10 from the axially outer side toward the axially inner side.

[0004] A turned-up portion 12 of the first ply 6 is disposed between a main portion 14 of the first ply 6 and a main
portion 16 of the second ply 8. An end 18 of the turned-up portion 12 reaches a portion immediately below a belt 20.
The turned-up portion 12 overlaps the belt 20. The structure of this carcass 4 is also called an envelope structure. The
carcass 4 contributes to the stiffness in the lateral direction.

[0005] The first ply 6 and the second ply 8 each include multiple carcass cords aligned with each other. An angle of
the carcass cords relative to the equator plane exerts an influence on the flexibility in the rotational direction.

[0006] In the tire 2, a first filler 22 and a second filler 24 are provided between the bead 10 and the carcass 4. The
first filler 22 is turned up around the bead 10 from the axially inner side toward the axially outer side. By the turning-up,
the first filler 22 has an inner portion 26 and an outer portion 28 formed therein. The second filler 24 is not turned up
around the bead 10. An inner end 30 of the second filler 24 is disposed between the outer portion 28 of the first filler 22
and the turned-up portion 12 of the first ply 6. An outer end 32 of the second filler 24 is disposed between the main
portion 14 and the turned-up portion 12 of the first ply 6. The second filler 24 extends almost in the radial direction from
the inner end 30 toward the outer end 32. The first filler 22 and the second filler 24 contribute to the stiffness in the lateral
direction.

[0007] Various studies have been conducted on the structure of the carcass, the angle of the carcass cords, the filler,
etc., from the viewpoint of quick cornering and outstanding acceleration. An example of the study is disclosed in
JP2011-025823.

CITATION LIST

PATENT LITERATURE

[0008] Patent Literature 1: JP2011-025823
SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0009] The stiffness in the lateral direction is enhanced by using the carcass 4 having the envelope structure. The
carcass 4 contributes to the stiffness of the entire tire 2. Therefore, the stiffness is enhanced not only in the lateral
direction, but also in the rotational direction. The use of the carcass 4 is likely to impair the flexibility in the rotational
direction.

[0010] As described above, the angle of the carcass cords relative to the equator plane exerts an influence on the
flexibility in the rotational direction. Therefore, by adjusting the angle of the carcass cords, the flexibility may be enhanced.
However, the carcass 4 having the envelope structure may exert a significant influence on the stiffness of the tire 2, and
therefore, the angle adjustment may not be effective in enhancing the flexibility.

[0011] As described above, in the carcass 4 having the envelope structure, the turned-up portion 12 of the first ply 6
overlaps the belt 20. The belt 20 is disposed radially inward of a tread 34. The overlapping contributes to the stiffness
of the tread 34 portion. In the tire 2, the tread 34 portion has a high stiffness. The tire 2 is allowed to assuredly have a
sufficient ground-contact surface during rapid acceleration, rapid deceleration, and rapid cornering. When a vehicle runs
at low speed, the load applied to the tire 2 is light. Therefore, in low speed cornering of a vehicle, the tire 2 is not likely
to be sufficiently deformed, and therefore, a sufficient ground-contact surface is not likely to be assured.
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[0012] Various studies have been conducted on the tire structure from the viewpoint of improvement of cornering
performance and acceleration performance. However, at present, there is no tire having cornering performance and
acceleration performance in a well-balanced manner.

[0013] An object of the present invention is to provide a pneumatic tire having excellent cornering performance and
acceleration performance.

SOLUTION TO THE PROBLEMS

[0014] A pneumatic tire according to the present invention includes a tread, a pair of sidewalls, a pair of beads, a
carcass, a belt, and a pair of fillers. The sidewalls extend from ends, respectively, of the tread almost inward in a radial
direction. The beads are disposed axially inward of the sidewalls, respectively. The beads include cores and apexes.
Each apex extends from a corresponding one of the cores outward in the radial direction. The carcass is extended on
and between one of the beads and the other of the beads, along inside of the tread and the sidewalls. The carcass
includes a carcass ply. The carcass ply includes a main portion and a pair of turned-up portions. The main portion is
extended on and between one of the cores and the other of the cores. Each of the turned-up portions extends from a
portion near a corresponding one of the cores outward in the radial direction. The belt and the carcass are layered
radially inward of the tread. The fillers are disposed between the carcass and the beads, respectively. The fillers include
inner portions and outer portions. The inner portions are disposed axially inward of the beads, respectively, and extend
from near the cores, respectively, outward in the radial direction. The outer portions are disposed axially outward of the
beads, respectively, and extend from near the cores, respectively, outward in the radial direction. The carcass ply includes
multiple carcass cords aligned with each other. An absolute value of an angle of each of the carcass cords relative to
an equator plane is not less than 80° and not greater than 90°. Ends of the inner portions and ends of the outer portions
are disposed between ends of the belt and ends of the turned-up portions, respectively, in the radial direction. A ratio
of a height, in the radial direction, of each apex to a cross-sectional height of the tire is not less than 45%. A ratio of a
height, in the radial direction, of each inner portion to the cross-sectional height, and a ratio of a height, in the radial
direction, of each outer portion to the cross-sectional height, are not less than 35%.

[0015] Preferably, in the pneumatictire, the ratio of the height, in the radial direction, of each apex to the cross-sectional
height is not greater than 65%.

[0016] Preferably, in the pneumatic tire, the carcass cords are formed of a polyethylene naphthalate fiber.

[0017] Preferably, in the pneumatic tire, the carcass cords have a fineness of not less than 3000 dtex and not greater
than 6000 dtex.

[0018] Preferably, in the pneumatic tire, each of the fillers includes multiple filler cords aligned with each other. Each
of the filler cords is tilted relative to the radial direction. An absolute value of an angle of the tilt is not less than 30° and
not greater than 60°.

[0019] Preferably, in the pneumatic tire, the absolute value of the angle of the tilt is 45°.

[0020] Preferably, in the pneumatic tire, the filler cords are formed of an aramid fiber.

[0021] Preferably, in the pneumatic tire, the filler cords have a fineness of not less than 2000 dtex and not greater
than 6000 dtex.

[0022] Preferably, in the pneumatic tire, a ratio of a distance in the radial direction from the end of each inner portion
to the end of a corresponding one of the outer portions to the cross-sectional height is not less than 3% and not greater
than 10%.

[0023] Preferably, in the pneumatic tire, a ratio of a height, in the radial direction, of each turned-up portion to the
cross-sectional height is not greater than 35%.

[0024] Preferably, in the pneumatic tire, the ends of the inner portions are disposed radially outward of the ends of
the outer portions, respectively. A ratio of a difference between the height, in the radial direction, of each apex and the
height, in the radial direction, of a corresponding one of the inner portions, to the cross-sectional height, is not less than
-5% and not greater than 5%.

[0025] Preferably, in the pneumatic tire, the ends of the outer portions are disposed radially outward of the ends of
the inner portions, respectively. A ratio of a difference between the height, in the radial direction, of each apex and the
height, in the radial direction, of a corresponding one of the outer portions, to the cross-sectional height, is not less than
-5% and not greater than 5%.

[0026] Preferably, in the pneumatic tire, each core includes a core wire and a plurality of sheath wires, and the sheath
wires are helically wound around the core wire.

[0027] Preferably, in the pneumatic tire, the carcass includes two carcass plies as the carcass ply, a first carcass ply
which is one of the carcass plies is turned up around the cores, and a second carcass ply which is the other of the
carcass pliesis notturned up around the cores, and ends of the second carcass ply are disposed near the respective cores.
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ADVANTAGEOUS EFFECTS OF THE INVENTION

[0028] In the pneumaitic tire according to the present invention, the apex, the inner portion, and the outer portion each
have an appropriate height in the radial direction. The tire has a sufficient stiffness in the lateral direction.

[0029] In the tire, the carcass includes multiple carcass cords. The angle of each carcass cord relative to the equator
plane is not less than 80° and not greater than 90°. The carcass contributes to assuring of the flexibility in the rotational
direction of the tire.

[0030] In the tire, the end of the inner portion and the end of the outer portion are disposed between the end of the
belt and the end of the turn-up portion in the radial direction. In the tire, the turn-up portion does not overlap the belt. In
the tire, the influence of the turn-up portion on the stiffness is reduced. In the tire, the adjustment of the angle of the
carcass cords is effective in improving the flexibility. In addition, because the influence of the turn-up portion on the
stiffness of the tread portion is reduced, the tire is sufficiently deformed even when a light load is applied to the tire. The
tire allows a sufficient ground-contact surface to be assured also in low-speed cornering of a vehicle.

[0031] Thus, the tire has improved flexibility in the rotational direction while assuring stiffness in the lateral direction.
In addition, the tire allows a sufficient ground-contact surface to be assured both in a low-speed region where a light
load is applied to the tire and in a high-speed region where a heavy load is applied to the tire. The tire has excellent
cornering performance and acceleration performance. The present invention provides a pneumatic tire that can provide
rapid cornering and outstanding acceleration.

BRIEF DESCRIPTION OF THE DRAWINGS
[0032]

[FIG. 1] FIG. 1 is a cross-sectional view showing a part of a pneumatic tire according to an embodiment of the
present invention.

[FIG. 2] FIG. 2 is a schematic diagram showing an arrangement of carcass cords included in a carcass.

[FIG. 3] FIG. 3 is an enlarged cross-sectional view showing a part of the tire in FIG. 1.

[FIG. 4] FIG. 4 is a schematic diagram showing an arrangement of filler cords included in a filler.

[FIG. 5] FIG. 5 is a cross-sectional view showing a part of a pneumatic tire according to another embodiment of the
present invention.

[FIG. 6] FIG. 6 is a cross-sectional view showing a core of a bead in the tire in FIG. 5.

[FIG. 7] FIG. 7 is a cross-sectional view showing a part of a conventional pneumatic tire.

DESCRIPTION OF EMBODIMENTS

[0033] The following will describe in detail the present invention based on preferred embodiments with reference where
appropriate to the accompanying drawing.

[0034] FIG. 1 shows a pneumatic tire 42. In FIG. 1, the up-down direction represents the radial direction of the tire 42,
the left-right direction represents the axial direction of the tire 42, and the direction perpendicular to the surface of the
drawing sheet represents the circumferential direction of the tire 42. In FIG. 1, an alternate long and short dash line CL
represents the equator plane of the tire 42. The shape of the tire 42 is symmetric about the equator plane except for a
tread pattern.

[0035] The tire 42 includes a tread 44, a pair of sidewalls 46, a pair of beads 48, a carcass 50, a belt 52, a band 54,
a pair of edge bands 56, an inner liner 58, a pair of chafers 60, and a pair of fillers 62. The tire 42 is of a tubeless type.
The tire 42 is mounted to a vehicle (four-wheeled automotive vehicle) which runs on circuits. The tire 42 is for racing.
[0036] The tread 44 has a shape that projects outward in the radial direction. The tread 44 forms a tread surface 64
that comes into contact with a road surface. The tread 44 is formed of a crosslinked rubber which exhibits excellent wear
resistance, heat resistance, and grip performance. The tread 44 of the tire 42 does not have a groove. The tire 42 is of
a slick type. The tread 44 may have grooves which form a tread pattern.

[0037] Each sidewall 46 extends almost inward from a corresponding end of the tread 44 in the radial direction. The
sidewall 46 is formed of crosslinked rubber having excellent cut resistance and weather resistance. The sidewall 46 is
disposed axially outward of the carcass 50. The sidewall 46 prevents damage to the carcass 50.

[0038] Each bead 48 is disposed axially inward of the corresponding sidewall 46. The bead 48 is disposed in a radially
inner portion of the tire 42. The bead 48 includes a core 66 and an apex 68. The core 66, which is ring-shaped, includes
a wound non-stretchable wire. A typical material of the wire is steel. The apex 68 extends outward from the core 66 in
the radial direction. The apex 68 is tapered outward in the radial direction. The apex 68 is formed of a highly hard
crosslinked rubber.

[0039] The carcass 50 includes carcass plies 70. The carcass 50 includes a first carcass ply 72 and a second carcass
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ply 74, i.e., two carcass plies 70. The carcass 50 may include three or more carcass plies 70.

[0040] In the tire 42, the first carcass ply 72 and the second carcass ply 74 are extended on and between the beads
48 on both sides. The first carcass ply 72 and the second carcass ply 74 are extended along the inside of the tread 44
and the sidewalls 46.

[0041] The first carcass ply 72 is turned up around the cores 66 on both sides from the axially inner side toward the
axially outer side. By the turning-up, the first carcass ply 72 has a first main portion 72a and a pair of first turned-up
portions 72b formed therein. The first carcass ply 72 includes the first main portion 72a and the pair of first turned-up
portions 72b. The first main portion 72a is extended on and between one of the cores 66 and the other of the cores 66.
Each first turned-up portion 72b is extended radially outward from a portion near the core 66.

[0042] The second carcass ply 74 is turned up around the cores 66 on both sides from the axially outer side toward
the axially inner side. By the turning-up, the second carcass ply 74 has a second main portion 74a and a pair of second
turned-up portions 74b formed therein. The second carcass ply 74 includes the second main portion 74a and the pair
of second turned-up portions 74b. The second main portion 74a is extended on and between one of the cores 66 and
the other of the cores 66. Each second turned-up portion 74b is extended radially outward from a portion near the core 66.
[0043] The first main portion 72a is disposed inward of the second main portion 74a. In the sidewall 46 portion of the
tire 42, the bead 48 and the filler 62 are disposed between the first main portion 72a and the second main portion 74a.
The first turned-up portion 72b is disposed axially inward of the second main portion 74a. The second turned-up portion
74b is disposed axially inward of the first main portion 72a. In the tire 42, an end 76 of the second turned-up portion 74b
is disposed radially inward of an end 78 of the first turned-up portion 72b. The end 76 of the second turned-up portion
74b may be disposed radially outward of the end 78 of the first turned-up portion 72b.

[0044] FIG. 2is a development schematically showing a part of the first carcass ply 72 and a part of the second carcass
ply 74. FIG. 2 shows the tread surface 64 of the tire 42 shown in FIG. 1 as viewed from thereabove. In FIG. 2, the up-
down direction represents the circumferential direction of the tire 42, the left-right direction represents the axial direction
ofthetire 42, and the direction perpendicular to the surface of the drawing sheetrepresents the radial direction of the tire 42.
[0045] The first carcass ply 72 includes multiple first carcass cords 80 aligned with each other, and topping rubber 82.
In the tire 42, the first carcass cord 80 is formed of an organic fiber. Examples of a typical organic fiber employed in the
cord of the tire 42 include polyester fibers, nylon fibers, rayon fibers, polyethylene naphthalate fibers, and aramid fibers.
As the organic fiber for the first carcass cord 80, polyethylene naphthalate fibers are preferable from the viewpoint that
the flexibility in the rotational direction and sufficient lateral stiffness of the tire 42 are assured. The fineness of the first
carcass cord 80 is preferably not less than 3000 dtex from the viewpoint of the stiffness of the first carcass ply 72. The
fineness of the first carcass cord 80 is preferably not greater than 6000 dtex from the viewpoint of the influence thereof
on the mass of the tire 42.

[0046] In the tire 42, the density of the first carcass cords 80 included in the first carcass ply 72 is preferably not less
than 30 ends/5 cm. As a result, the first carcass ply 72 has an appropriate stiffness. In the tire 42, the density of the first
carcass cords 80 is preferably not greater than 75 ends/5 cm. As a result, a gap between the first carcass cords 80 is
appropriately maintained. A sufficient amount of the topping rubber 82 is provided between the first carcass cords 80,
and therefore, the first carcass ply 72 is not likely to be loose.

[0047] Inthe description herein, the density of cords included in a component such as the first carcass ply 72 is obtained
by measuring the number (ends) of cross-sections of cords per width of 5 cm of the component in a cross-section
perpendicular to the length direction of the cord in the component.

[0048] The second carcass ply 74 includes multiple second carcass cords 84 aligned with each other, and topping
rubber 86. In the tire 42, the second carcass cord 84 is formed of an organic fiber. Also for the second carcass cord 84,
as with the first carcass cord 80 described above, polyethylene naphthalate fibers are preferable as the organic fiber for
the second carcass cord 84. The fineness of the second carcass cord 84 is preferably not less than 3000 dtex from the
viewpoint of the stiffness of the second carcass ply 74. The fineness of the second carcass cord 84 is preferably not
greater than 6000 dtex from the viewpoint of the influence thereof on the mass of the tire 42.

[0049] In the tire 42, the density of the second carcass cords 84 included in the second carcass ply 74 is preferably
not less than 30 ends/5 cm. As aresult, the second carcass ply 74 has an appropriate stiffness . In the tire 42, the density
of the second carcass cords 84 is preferably not greater than 75 ends/5 cm. As a result, a gap between the second
carcass cords 84 is appropriately maintained. A sufficient amount of the topping rubber 86 is provided between the
second carcass cords 84, and therefore, the second carcass ply 74 is not likely to be loose.

[0050] As shown in FIG. 2, in the tire 42, the first carcass cord 80 is tilted relative to the equator plane. In FIG. 2, a1
represents an angle of the first carcass cord 80 relative to the equator plane. The second carcass cord 84 is also tilted
relative to the equator plane. In FIG. 2, a2 represents an angle of the second carcass cord 84 relative to the equator
plane. As in the carcass 50 shown in FIG. 2, in the case where the first carcass cord 80 and the second carcass cord
84 are tilted relative to the equator plane, a direction in which the first carcass cord 80 is tilted is preferably opposite to
a direction in which the second carcass cord 84 is tilted. In addition, the carcass 50 is preferably structured such that
an absolute value of the angle a1 is equal to an absolute value of the angle a2. As a result, the carcass 50 has well-
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balanced stiffness on both sides of the equator plane.

[0051] The first carcass cord 80 included in the first main portion 72a of the first carcass ply 72 is extended on and
between the left and right cores 66. The first carcass cord 80, which is tilted relative to the equator plane in the tread 44
portion of the tire 42, is tilted relative to the radial direction in the sidewall 46 portion of the tire 42. The second turned-
up portion 74b of the second carcass ply 74 is formed by turning up the second carcass ply 74 around the core 66 from
the axially outer side toward the axially inner side. In the case where the direction in which the first carcass cord 80 is
tilted is opposite to the direction in which the second carcass cord 84 is tilted in the tread 44 portion of the tire 42, the
direction in which the second carcass cord 84 included in the second turned-up portion 74b is tilted is the same as the
direction in which the first carcass cord 80 included in the first main portion 72a is tilted in the sidewall 46 portion of the
tire 42.

[0052] The second carcass cord 84 included in the second main portion 74a of the second carcass ply 74 is extended
on and between the left and right cores 66. The second carcass cord 84, which is tilted relative to the equator plane in
the tread 44 portion of the tire 42, is tilted relative to the radial direction in the sidewall 46 portion of the tire 42. The first
turned-up portion 72b of the first carcass ply 72 is formed by turning up the first carcass ply 72 around the core 66 from
the axially inner side toward the axially outer side. In the case where the direction in which the first carcass cord 80 is
tilted is opposite to the direction in which the second carcass cord 84 is tilted in the tread 44 portion of the tire 42, the
direction in which the first carcass cord 80 included in the first turned-up portion 72b is tilted is the same as the direction
in which the second carcass cord 84 included in the second main portion 74aiis tilted in the sidewall 46 portion of the tire 42.
[0053] As shown in FIG. 1, the belt 52 is disposed radially inward of the tread 44. The belt 52 is layered over the
carcass 50. The belt 52 reinforces the carcass 50. The belt 52 includes an inner layer 88 and an outer layer 90. A width
of the inner layer 88 is slightly greater than a width of the outer layer 90 in the axial direction.

[0054] Although not shown, the inner layer 88 and the outer layer 90 each include multiple belt cords aligned with
each other, and topping rubber. Each belt cord is tilted relative to the equator plane. An absolute value of the tilt angle
is typically not less than 10° and not greater than 35°. A direction in which the belt cord of the inner layer 88 is tilted
relative to the equator plane is opposite to a direction in which the belt cord of the outer layer 90 is tilted relative to the
equator plane . A preferable material of the belt cord is steel. An organic fiber may be used for the cord. A width, in the
axial direction, of the belt 52 is preferably not less than 0.7 times the maximal width of the tire 42. The belt 52 may include
three or more layers.

[0055] The band 54 is disposed radially outward of the belt 52. In the axial direction, a width of the band 54 is almost
equal to the width of the belt 52. The band 54 is also called a full band. Although not shown, the band 54 includes a full
band cord and topping rubber. The full band cord is helically wound. The band 54 has a so-called jointless structure.
The full band cord extends substantially in the circumferential direction. An angle of the full band cord relative to the
circumferential direction is not greater than 5°, and more preferably not greater than 2°. The full band cord holds the
belt 52, which inhibits lifting of the belt 52. The full band cord is formed of an organic fiber. Preferable examples of the
organic fiber include nylon fibers, polyester fibers, rayon fibers, polyethylene naphthalate fibers, and aramid fibers.
[0056] Each edge band 56 is disposed radially outward of the belt 52, and near a corresponding end of the belt 52.
Although not shown, the edge band 56 includes an edge band cord and topping rubber. The edge band cord is helically
wound. The band 54 has a so-called jointless structure. The edge band cord extends substantially in the circumferential
direction. An angle of the edge band cord relative to the circumferential direction is not greater than 5°, and more
preferably not greater than 2°. The edge band cord holds the ends of the belt 52, which inhibits lifting of the belt 52. The
edge band cord is formed of an organic fiber. Preferable examples of the organic fiber include nylon fibers, polyester
fibers, rayon fibers, polyethylene naphthalate fibers, and aramid fibers.

[0057] The inner liner 58 is disposed inward of the carcass 50. The inner liner 58 is joined to an inner surface of the
carcass 50. The inner liner 58 is formed of a crosslinked rubber having excellent airtightness. A typical base rubber of
the inner liner 58 is isobutylene-isoprene-rubber or halogenated isobutylene-isoprene-rubber. The inner liner 58 maintains
the internal pressure of the tire 42.

[0058] Each chafer 60 is disposed near the corresponding bead 48. When the tire 42 is mounted on a rim, the chafer
60 is in contact with the rim. By the contact, a portion near the bead 48 is protected. The chafer 60 of the tire 42 is formed
of a fabric and a rubber with which the fabric is impregnated.

[0059] Each filler 62 is disposed near the corresponding bead 48. The filler 62 is disposed between the bead 48 and
the carcass 50. The filler 62 is turned up around the core 66 from the axially inner side toward the axially outer side or
from the axially outer side toward the axially inner side. Thus, the filler 62 has an inner portion 92 and an outer portion
94 formed therein. The filler 62 includes the inner portion 92 and the outer portion 94.

[0060] FIG. 3 shows a part of the tire 42 shown in FIG. 1. In FIG. 3, the sidewall 46 portion of the tire 42 is shown. In
FIG. 3, the up-down direction represents the radial direction of the tire 42, the left-right direction represents the axial
direction of the tire 42, and the direction perpendicular to the surface of the drawing sheet represents the circumferential
direction of the tire 42.

[0061] Inthetire 42, the inner portion 92 is disposed axially inward of the bead 48. The inner portion 92 extends radially
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outward from a portion near the core 66 of the bead 48. The outer portion 94 is disposed axially outward of the bead
48. The outer portion 94 extends radially outward from a portion near the core 66.

[0062] In the tire 42, an end 96 of the inner portion 92 is disposed radially outward of an end 98 of the outer portion
94. The filler 62 may be structured such that the end 96 of the inner portion 92 is disposed radially inward of the end 98
of the outer portion 94.

[0063] FIG. 4 schematically shows a part of the filler 62 together with a part of the carcass 50. FIG. 4 shows a side
surface of the tire 42 as viewed from the right side in FIG. 1 or FIG. 3. In FIG. 4, the up-down direction represents the
radial direction of the tire 42, the left-right direction represents the circumferential direction of the tire 42, and the direction
perpendicular to the surface of the drawing sheet represents the axial direction of the tire 42. FIG. 4 shows a part of the
outer portion 94 of the filler 62 and a part of the second main portion 74a of the second carcass ply 74. In FIG. 4, a solid
line RL represents a straight line extending in the radial direction. The solid line RL is a reference line representing the
radial direction in FIG. 4.

[0064] In the tire 42, the filler 62 includes multiple filler cords 100 aligned with each other, and topping rubber 102. In
the tire 42, the filler cord 100 is formed of an organic fiber. Of the above-described typical organic fibers (polyester fibers,
nylon fibers, rayon fibers, polyethylene naphthalate fibers, and aramid fibers) for use in the cords of the tire 42, aramid
fibers are preferably used as the organic fiber for the filler cord 100 from the viewpoint that a sufficient lateral stiffness
is assured. The fineness of the filler cord 100 is preferably not less than 2000 dtex from the viewpoint of the stiffness of
filler 62. The fineness of the filler cord 100 is preferably not greater than 6000 dtex from the viewpoint of the influence
thereof on the mass of the tire 42.

[0065] In the tire 42, the density of the filler cords 100 included in the filler 62 is preferably not less than 30 ends/5 cm.
As a result, the filler 62 has an appropriate stiffness. In the tire 42, the density of the filler cords 100 is preferably not
greater than 75 ends/5 cm. As aresult, a gap between the filler cords 100 is appropriately maintained. A sufficient amount
of the topping rubber 102 is provided between the filler cords 100, and therefore, the filler 62 is not likely to be loose .
[0066] As shown in FIG. 4, in the tire 42, the filler cord 100 is tilted relative to the radial direction. The inner portion 92
is disposed axially inward of the outer portion 94. As described above, the filler 62 is turned up around the core 66.
Therefore, although not shown, a direction in which the filler cord 100 included in the inner portion 92 is tilted is opposite
to a direction in which the filler cord 100 included in the outer portion 94 is tilted.

[0067] As described above, in the sidewall 46 portion of the tire 42, the second carcass cord 84 included in the second
main portion 74a is tilted relative to the radial direction. From the viewpoint that a sufficient force against shearing that
occurs between the filler 62 and the carcass 50 is assured, the direction in which the filler cord 100 included in the outer
portion 94 is tilted is preferably opposite to the direction in which the second carcass cord 84 included in the second
main portion 74a is tilted, as shown in FIG. 4. In the sidewall 46 portion of the tire 42, the direction in which the first
carcass cord 80 included in the first turned-up portion 72b is tilted is the same as the direction in which the second
carcass cord 84 included in the second main portion 74a is tilted. Therefore, in this case, the direction in which the filler
cord 100 is tilted is also opposite to the direction in which the first carcass cord 80 included in the first turned-up portion
72b is tilted.

[0068] As described above, in the sidewall 46 portion of the tire 42, the first carcass cord 80 included in the first main
portion 72a is tilted relative to the radial direction. Although not shown, from the viewpoint that a sufficient force against
shearing that occurs between the filler 62 and the carcass 50 is assured, the direction in which the filler cord 100 included
in the inner portion 92 is tilted is preferably opposite to the direction in which the first carcass cord 80 included in the
first main portion 72a is tilted. In the sidewall 46 portion of the tire 42, the direction in which the second carcass cord 84
included in the second turned-up portion 74b is tilted is the same as the direction in which the first carcass cord 80
included in the first main portion 72a is tilted. Therefore, in this case, the direction in which the filler cord 100 is tilted is
also opposite to the direction in which the second carcass cord 84 included in the second turned-up portion 74b is tilted.
[0069] In FIG. 4, B represents an angle of the filler cord 100 included in the outer portion 94 relative to the reference
line RL. In the present invention, the angle B represents an angle of the filler cord 100 relative to the radial direction.
The direction in which the filler cord 100 included in the inner portion 92 is tilted is opposite to the direction in which the
filler cord 100 included in the outer portion 94 is tilted, and therefore, in the case where the angle of the filler cord 100
included in the outer portion 94 relative to the reference line RL is represented by "B," an angle of the filler cord 100
included in the inner portion 92 relative to the reference line RL is represented by "-3".

[0070] In the tire 42, from the viewpoint that a force against shearing that occurs between the filler 62 and the carcass
50 is assured, an absolute value of the angle B of the filler cord 100 is preferably not less than 30° and is preferably not
greater than 60°. From the viewpoint that a sufficient force against shearing that occurs between the filler 62 and the
carcass 50 is assured, the absolute value of the angle B is more preferably set so as to be 45°.

[0071] In FIG. 1, a solid line BBL represents a bead base line. The bead base line corresponds to a line that defines
the rim diameter (see JATMA) of a rim (not shown) on which the tire 42 is mounted. The bead base line extends in the
axial direction.

[0072] In FIG. 1, a double-headed arrow H represents a height in the radial direction from the bead base line to an
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equator 104 of the tire 42. The height H is a cross-sectional height (see JATMA). A double-headed arrow HA represents
a height in the radial direction from the bead base line to an outer end 106 of the apex 68. The height HA is a height, in
the radial direction, of the apex 68.

[0073] In FIG. 3, a double-headed arrow HU represents a height in the radial direction from the bead base line to the
end 96 of the inner portion 92. The height HU is a height, in the radial direction, of the inner portion 92. A double-headed
arrow HS represents a height in the radial direction from the bead base line to the end 98 of the outer portion 94. The
height HS is a height, in the radial direction, of the outer portion 94.

[0074] In the tire 42, a ratio of the height HA of the apex 68 to the cross-sectional height H is not less than 45%. In
the tire 42, the apex 68 contributes to the stiffness in the lateral direction. From this viewpoint, the ratio is preferably not
less than 50%. If the apex 68 has an excessive height HA, the apex 68 exerts an influence on the flexibility in the rotational
direction. From the viewpoint that the flexibility is appropriately maintained, the ratio is preferably not greater than 65%.
[0075] In the tire 42, a ratio of the height HU of the inner portion 92 to the cross-sectional height H is not less than
35%. In the tire 42, the inner portion 92 contributes to the stiffness in the lateral direction. From this viewpoint, the ratio
is preferably not less than 37%, and more preferably not less than 40%. If the inner portion 92 has an excessive height
HU, the inner portion 92 exerts an influence on the flexibility in the rotational direction. From the viewpoint that the
flexibility is appropriately maintained, the ratio is preferably not greater than 70%, and more preferably not greater than
65%.

[0076] In the tire 42, a ratio of the height HS of the outer portion 94 to the cross-sectional height H is not less than
35%. In the tire 42, the outer portion 94 contributes to the stiffness in the lateral direction. From this viewpoint, the ratio
is preferably not less than 37%, and more preferably not less than 40%. If the outer portion 94 has an excessive height
HS, the outer portion 94 exerts an influence on the flexibility in the rotational direction. From the viewpoint that the
flexibility is appropriately maintained, the ratio is preferably not greater than 70%, and more preferably not greater than
65%.

[0077] In particular, in the tire 42, the ratio of the height HU of the inner portion 92 to the cross-sectional height H, and
the ratio of the height HS of the outer portion 94 to the cross-sectional height H, are both not less than 35%. In the tire
42, the ratio of the height HU of the inner portion 92 to the cross-sectional height H, and the ratio of the height HS of the
outer portion 94 to the cross-sectional height H, are also both not less than 35%. In the tire 42, the inner portion 92 and
the outer portion 94 each have a sufficient height in the radial direction. The filler 62 effectively contributes to assuring
of the lateral stiffness.

[0078] Thus, inthe tire 42, the apex 68, the inner portion 92, and the outer portion 94 each have an appropriate height
in the radial direction. In the tire 42, a sufficient stiffness in the lateral direction is obtained.

[0079] In the tire 42, the first carcass ply 72 includes the multiple first carcass cords 80. The absolute value of the
angle a1 (see FIG. 2) of each first carcass cord 80 relative to the equator plane is not less than 80° and not greater than
90°. Inthetire 42, the influence of the first carcass cord 80 on the flexibility in the rotational direction of the tire 42 is reduced.
[0080] In the tire 42, the second carcass ply 74 includes the multiple second carcass cords 84. The absolute value of
the angle a2 (see FIG. 2) of each second carcass cord 84 relative to the equator plane is not less than 80° and not
greater than 90°. In the tire 42, the influence of the second carcass cord 84 on the flexibility is reduced.

[0081] Thus, inthe tire 42, the carcass 50 includes the multiple carcass cords. The absolute value of the angle of each
carcass cord relative to the equator plane is not less than 80° and not greater than 90°. In the tire 42, the angle of the
carcass cord is appropriately adjusted so that the influence on the flexibility in the rotational direction of the tire 42 is
effectively reduced. Although the carcass 50 exerts an influence on the stiffness of the entire tire 42, the carcass 50
contributes to assuring of the flexibility in the tire 42.

[0082] In the tire 42, the end 78 of the first turned-up portion 72b is disposed radially outward of the end 76 of the
second turned-up portion 74b. Of the ends of the turned-up portions included in the carcass 50, the end 78 of the first
turned-up portion 72b is disposed in the outermost side portion in the radial direction. In the tire 42, the first turned-up
portion 72b exerts an influence on cornering force. Specifically, it is observed that when a heavy load is applied to the
tire 42, cornering force tends to increase with increase in the length of the first turned-up portion 72b, whereas, when a
light load is applied to the tire 42, cornering force tends to decrease with increase in the length of the first turned-up
portion 72b.

[0083] In the tire 42, the end 96 of the inner portion 92 and the end 98 of the outer portion 94 are disposed between
an end 108 of the belt 52 and the end 78 of the first turned-up portion 72b in the radial direction. In the tire 42, the first
turned-up portion 72b does not overlap the belt 52. Because the end 76 of the second turned-up portion 74b is disposed
radially inward of the end 78 of the first turned-up portion 72b, the second turned-up portion 74b does not overlap the
belt 52, either. The tire 42 does not include a carcass having an envelope structure. In the tire 42, the influence of the
turned-up portion on the stiffness is reduced. In the tire 42, the adjustment of the angle of the carcass cord is effective
in improving the flexibility. In addition, the influence of the turned-up portion on the stiffness of the tread 44 portion is
reduced. Therefore, even when the load applied to the tire 42 is light, the tire 42 is sufficiently deformed. In the tire 42,
also in low speed cornering of a vehicle, a sufficient ground-contact surface is assured.
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[0084] Thus, the tire 42 has improved flexibility in the rotational direction while assuring stiffness in the lateral direction.
In addition, in the tire 42, a sufficient ground-contact surface is assured both in a low-speed region where a light load is
applied to the tire 42 and in a high-speed region where a heavy load is applied to the tire 42. The tire 42 has excellent
cornering performance and acceleration performance. According to the present invention, the pneumatic tire 42 can
provide rapid cornering and outstanding acceleration.

[0085] In FIG. 1, a double-headed arrow H1 represents a height in the radial direction from the bead base line to the
end 78 of the first turned-up portion 72b. The height H1 is a height, in the radial direction, of the first turned-up portion
72b. A double-headed arrow H2 represents a height in the radial direction from the bead base line to the end 76 of the
second turned-up portion 74b. The height H2 is a height, in the radial direction, of the second turned-up portion 74b.
[0086] Inthetire42, aratio of the height H1 of the first turned-up portion 72b to the cross-sectional height H is preferably
not less than 5% and not greater than 35%. If the ratio is set so as to be not less than 5%, the first turned-up portion
72b is prevented from being pulled off due to the action of a tensile force. If the ratio is set so as to be not greater than
35%, the influence of the first turned-up portion 72b on the flexibility in the rotational direction of the tire 42 is effectively
reduced.

[0087] In the tire 42, a ratio of the height H2 of the second turned-up portion 74b to the cross-sectional height H is
preferably not less than 5% and not greater than 35%. If the ratio is set so as to be not less than 5%, the second turned-
up portion 74b is prevented from being pulled off due to the action of a tensile force. If the ratio is set so as to be not
greater than 35%, the influence of the second turned-up portion 74b on the flexibility in the rotational direction of the tire
42 is effectively reduced.

[0088] As described above, in the tire 42, the end 96 of the inner portion 92 and the end 98 of the outer portion 94 are
disposed between the end 108 of the belt 52 and the end 78 of the first turned-up portion 72b in the radial direction. The
end 98 of the outer portion 94 is disposed radially inward of the end 96 of the inner portion 92. The end 76 of the second
turned-up portion 74b is disposed radially inward of the end 78 of the first turned-up portion 72b. A portion of the tire 42
from the bead 48 to the sidewall 46 is structured such that the height HU of the inner portion 92, the height HS of the
outer portion 94, the height H1 of the first turned-up portion 72b, and the height H2 of the second turned-up portion 74b
are appropriately adjusted, and the stiffness of that portion decreases radially outward in a stepwise manner. This
structure allows the tire 42 to exhibit flexibility in the rotational direction, and allows the movement of the tire 42 to be
effectively absorbed during acceleration or braking. Therefore, in the tire 42, the tread surface 64 is inhibited from slipping
on a road surface, and good transient characteristics are obtained during acceleration from low speed to high speed or
during deceleration from high speed to low speed. The good transient characteristics contribute to rapid cornering and
outstanding acceleration. From this viewpoint, the portion of the tire 42 from the bead 48 to the sidewall 46 is preferably
structured such that the heights of the inner portion 92, the outer portion 94, the first turned-up portion 72b, and the
second turned-up portion 74b are each adjusted so as to contribute to the stiffness, and the end 96 of the inner portion
92, the end 98 of the outer portion 94, the end 78 of the first turned-up portion 72b, and the end 76 of the second turned-
up portion 74b are disposed in a dispersed manner in the radial direction.

[0089] Asshownin FIGS. 1 and 3, in the tire 42, a portion that includes the bead 48 and the filler 62 has a shape that
tapers radially outward. The portion that includes the bead 48 and the filler 62 is structured such that the stiffness of the
portion gradually decreases radially outward. The portion contributes to the flexibility in the rotational direction of the tire
42. As described above, in the tire 42, the height HA, in the radial direction, of the apex 68 is set so as to be not less
than 45% of the cross-sectional height H. In the case of conventional apexes, the height thereof in the radial direction
is set so as to be about 40% of the cross-sectional height. Therefore, the height HA, in the radial direction, of the apex
68 of the tire 42 is greater than the height, in the radial direction, of an apex of a conventional tire. Because the apex
68 has the great height HA in the radial direction, the portion that includes the bead 48 and the filler 62 greatly contributes
to the flexibility in the rotational direction of the tire 42. In the tire 42, very good transient characteristics are obtained
during acceleration from low speed to high speed or during deceleration from high speed to low speed. The very good
transient characteristics further contribute to rapid cornering and outstanding acceleration.

[0090] In FIG. 3, a double-headed arrow DS represents a distance in the radial direction from the end 96 of the inner
portion 92 to the end 98 of the outer portion 94. In FIG. 3, the end 96 of the inner portion 92 is disposed radially outward
of the end 98 of the outer portion 94. Therefore, the distance DS is equal to a difference (HU - HS) between the height
HU, in the radial direction, of the inner portion 92 and the height HS, in the radial direction, of the outer portion 94. In
the case where the end 98 of the outer portion 94 is disposed radially outward of the end 96 of the inner portion 92, the
distance DS is equal to a difference (HS - HU) between the height HS, in the radial direction, of the outer portion 94 and
the height HU, in the radial direction, of the inner portion 92. The distance DS contributes to the effect of the present
invention to the same extent between the case where the end 96 of the inner portion 92 is disposed radially outward of
the end 98 of the outer portion 94 and the case where the end 98 of the outer portion 94 is disposed radially outward of
the end 96 of the inner portion 92.

[0091] In the tire 42, a ratio of the distance DS to the cross-sectional height H is preferably not less than 3% and not
greater than 10%. If the ratio is set so as to be not less than 3%, the end 96 of the inner portion 92 and the end 98 of
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the outer portion 94 are prevented from being close to each other. The concentration of strain on the end 96 of the inner
portion 92 and the end 98 of the outer portion 94 is inhibited, and therefore, the end 96 of the inner portion 92 and the
end 98 of the outer portion 94 are prevented from being a portion from which damage is caused. In the tire 42, good
durability is maintained. If the ratio is set so as to be not greater than 10%, the inner portion 92 and the outer portion
94, i.e., the filler 62, effectively act to maintain the shape of the bead 48, particularly the apex 68. In the tire 42, the shape
that has been determined during the designing is reproduced in the apex 68 almost as it is. The portion that includes
the bead 48 and the filler 62 has a shape that tapers radially outward, and therefore, the tire 42 allows sufficient flexibility
in the rotational direction to be assured. In addition, there is substantially no difference in reinforcement action between
the inner portion 92 and the outer portion 94, and therefore, the same cornering performance is obtained between when
a vehicle to which the tire 42 is mounted turns to the right and when the vehicle turns to the left. Because the inner
portion 92 and the outer portion 94 are formed by turning up a single filler 62 around the core 66, better productivity is
achieved as compared to a tire in which the inner portion and the outer portion are formed using two fillers.

[0092] In FIG. 3, a double-headed arrow DA represents a distance in the radial direction from the outer end 106 of
the apex 68 to an end 110 of the filler 62. As described above, in the tire 42, the end 96 of the inner portion 92 is disposed
radially outward of the end 98 of the outer portion 94. Therefore, the distance DA is represented by a difference between
the height HA, in the radial direction, of the apex 68 and the height HU, in the radial direction, of the inner portion 92. In
the present invention, the distance DA is represented by a "positive number" in the case where the end 96 of the inner
portion 92 is disposed radially inward of the outer end 106 of the apex 68, and by a "negative number" in the case where
the end 96 of the inner portion 92 is disposed radially outward of the outer end 106 of the apex 68. In the case where
the end 98 of the outer portion 94 is disposed outward of the end 96 of the inner portion 92, the distance DA is represented
by a difference between the height HA, in the radial direction, of the apex 68 and the height HU, in the radial direction,
of the outer portion 94. In this case, the distance DA is represented by a "positive number" in the case where the end
98 of the outer portion 94 is disposed radially inward of the outer end 106 of the apex 68, and by a "negative number"
in the case where the end 98 of the outer portion 94 is disposed radially outward of the outer end 106 of the apex 68.
[0093] As described above, in the tire 42, the filler 62 not only contributes to assuring of the lateral stiffness, but also
contributes to the flexibility in the rotational direction of the tire 42 by maintaining the shape of the apex 68. As described
above, the height HA, in the radial direction, of the apex 68 of the tire 42 is greater than that of an apex of a conventional
tire. Therefore, the apex 68 is more easily deformed than an apex of a conventional tire.

[0094] In the tire 42, preferably, a ratio of the distance DA to the cross-sectional height H is set so as to be not less
than -5% and not greater than 5%. In other words, the ratio is preferably not less than -5% and is preferably not greater
than 5%. This allows the filler 62 to effectively maintain the shape of the apex 68. In the tire 42, the shape of the apex
68 is not likely to be deformed during molding. The portion that includes the bead 48 and the filler 62 is formed so as to
have a shape that tapers radially outward. Therefore, in the tire 42, sufficient flexibility in the rotational direction is assured.
[0095] In the tire 42, the ratio of the distance DA to the cross-sectional height H is more preferably not less than 2%.
As a result, the end 96 of the inner portion 92 or the end 98 of the outer portion 94 is covered by the apex 68, and
therefore, the concentration of strain on the end 96 of the inner portion 92 or the end 98 of the outer portion 94 is reduced.
The tire 42 has excellent durability.

[0096] In production of the tire 42, a plurality of rubber components are assembled to obtain a raw cover (unvulcanized
tire 42). The raw cover is placed in a mold. The outer surface of the raw cover is brought into contact with the cavity
surface of the mold. The inner surface of the raw cover is brought into contact with a bladder or core. The raw cover is
pressurized and heated in the mold. The pressurizing and heating causes the rubber composition of the raw cover to
flow. The heating causes the rubber to undergo crosslinking reaction. Thus, the tire 42 is obtained.

[0097] In the present invention, the dimensions and angles of the components of the tire 42 are measured in a state
where the tire 42 is mounted on a normal rim, and the tire 42 is inflated with air to a normal internal pressure. During
the measurement, no load is applied to the tire 42. In the case where the tire 42 is for a passenger car, the dimensions
and angles are measured in a state where the internal pressure is 180 kPa.

[0098] In the description herein, the normal rim represents a rim which is specified according to the standard with
which the tire 42 complies. The "standard rim" in the JATMA standard, the "Design Rim" in the TRA standard, and the
"Measuring Rim" in the ETRTO standard are included in the normal rim.

[0099] Inthe description herein, the normalinternal pressure represents an internal pressure that is specified according
to the standard with which the tire 42 complies. The "maximum air pressure" in the JATMA standard, the "maximum
value" recited in "TIRE LOAD LIMITS AT VARIOUS COLD INFLATION PRESSURES" in the TRA standard, and the
"INFLATION PRESSURE" in the ETRTO standard, are included in the normal internal pressure.

[0100] In the description herein, the normal load represents a load that is specified according to the standard with
which the tire 42 complies. The "maximum load capacity" in the JATMA standard, the "maximum value" recited in "TIRE
LOAD LIMITS AT VARIOUS COLD INFLATION PRESSURES" in the TRA standard, and the "LOAD CAPACITY" in the
ETRTO standard are included in the normal load.

[0101] FIG. 5 shows a part of a pneumatic tire 112 according to another embodiment of the present invention. FIG. 5
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corresponds to FIG. 3 in the above description. FIG. 5 shows a part of a cross-section of the tire 112 along a plane
including the axis of rotation of the tire 112. In FIG. 5, the up-down direction represents the radial direction of the tire
112, the left-right direction represents the axial direction of the tire 112, and the direction perpendicular to the surface
of the drawing sheet represents the circumferential direction of the tire 112.

[0102] The tire 112 includes a tread 114, a pair of sidewalls 116, a pair of beads 118, a carcass 120, a belt 122, a
band 124, a pair of edge bands 126, an inner liner 128, a pair of chafers 130, and a pair of fillers 132. The tire 112 is for
racing, as with the tire 42 described above.

[0103] The tire 112 has almost the same structure as the tire 42 shown in FIG. 1, except for the bead 118 and the
carcass 120.

[0104] As with the tire 42 shown in FIG. 1, the tire 112 has improved flexibility in the rotational direction while assuring
stiffness in the lateral direction. The tire 112 allows a sufficient ground-contact surface to be assured both in a low-speed
region where a light load is applied to the tire 112 and in a high-speed region where a heavy load is applied to the tire
112. The tire 112 has excellent cornering performance and acceleration performance. As described in detail below, the
tire 112 provides further improved steering stability and wear resistance.

[0105] In the tire 112, each bead 118 is disposed axially inward of the corresponding sidewall 116. The bead 118 is
disposed in a radially inner side portion of the tire 112. The bead 118 includes a core 134 and an apex 136. The bead
118 has the same specifications as that of the tire 42 except for the core 134. In other words, the apex 136 has the same
specifications as the apex 68 of the tire 42 shown in FIG. 1.

[0106] FIG. 6 shows a cross-section of the core 134 of the bead 118 in the tire 112. The core 134 includes a single
core wire 138 and a plurality of sheath wires 140. In the core 134 shown in FIG. 6, the number of the sheath wires 140
is 20. The number of the sheath wires 140 included in the core 134 is determined as appropriate according to the
specifications of the tire 112. The core wire 138 is preferably formed of a mild-steel wire material or a hard-steel wire
material. The sheath wire 140 is preferably formed of a hard-steel wire material.

[0107] As shown in FIG. 6, in the core 134, the 20 sheath wires 140 are helically wound around the core wire 138. By
this winding, an inner layer 142 including 7 sheath wires 140 and an outer layer 144 including 13 sheath wires 140 are
formed in the core 134. The core 134 thus obtained by helically winding the plurality of sheath wires 140 around the
core wire 138 is also called a cable bead.

[0108] As described above, the core 66 of the tire 42 shown FIG. 1, which is ring-shaped, includes a wound non-
stretchable wire. Although not shown, the core 66 has a structure in which, in a cross-section thereof, a plurality of units
each including a plurality of wire cross-sections aligned with each other in the axial direction are layered in the radial
direction. In the present invention, the core 66 having such a structure is called a single bead.

[0109] In the tire 112, the core 134 of the bead 118 is a cable bead. The core 134 has a generally circular cross-
section. Therefore, components such as the apex 136, the filler 132, and the carcass 120 that are disposed around the
core 134 are more easily rotated around the core 134 by the action of a load applied to the tire 112 than those around
a single bead which has an almost rectangular cross-section. The tire 112 is more easily deformed in the lateral direction
(in other words, the axial direction) than the tire 42 shown in FIG. 1. The core 134 contributes to increase in the amount
of deformation in the lateral direction. In addition, in the tire 112, the core 134 is rotated, following the movement of the
components disposed around the core 134, instead of the core 134 itself rotating actively. The behavior of the tire 112
is mild without sudden loss of grip feeling, during running in extreme situations such as racing. The tire 112 provides
further improved steering stability. In addition, thanks to the mild behavior in extreme situations, the wear of the tire 112
is effectively reduced. The tire 112 also has improved wear resistance. In other words, from the viewpoint of steering
stability and wear resistance, in the tire 112, the core 134 of the bead 118 preferably includes the core wire 138 and the
plurality of sheath wires 140, and the sheath wires 140 are preferably helically wound around the core wire 138.
[0110] As with the carcass 50 of the tire 42 shown in FIG. 1, in the tire 112, the carcass 120 includes a first carcass
ply 146 and a second carcass ply 148, i.e., two carcass plies 150. In the tire 112, the specifications of the carcass plies
150 are the same as the specifications of the carcass plies 70 in the tire 42 shown in FIG. 1. Although not shown, the
carcass ply 150 includes multiple carcass cords aligned with each other. The carcass 120 has a radial structure.
[0111] In the tire 112, the first carcass ply 146 and the second carcass ply 148 are extended on and between the
beads 118 on both sides. The first carcass ply 146 and the second carcass ply 148 are extended along the inside of the
tread 114 and the sidewalls 116.

[0112] The first carcass ply 146 is turned up around the cores 134 on both sides from the axially inner side toward the
axially outer side. By the turning-up, the first carcass ply 146 has a main portion 146a and a pair of turned-up portions
146b formed therein. The first carcass ply 146 includes the main portion 146a and the pair of turned-up portions 146b.
[0113] The second carcass ply 148 is not turned up around the cores 134 although the first carcass ply 146 is turned
up. In the tire 112, the second carcass ply 148 is not turned up around the cores 134, and ends 150 of the second
carcass ply 148 are disposed near the cores 134. In particular, in the tire 112, the ends 152 of the second carcass ply
148 overlap the cores 134 in the axial direction.

[0114] Inthetire 112, the second carcass ply 148 is not turned up around the cores 134, and therefore, does not inhibit
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the rotation of the components around the core 134. The carcass 120, which includes the second carcass ply 148,
contributes to improvement of the steering stability and wear resistance of the tire 112. In the tire 112, as with the first
turned-up portion 72b in the tire 42 shown in FIG. 1, the turned-up portion 146b is structured so as to have a sufficient
height, and therefore, the carcass 120 sufficiently contributes to the stiffness of the tire 112, although the second carcass
ply 148 does not have a turned-up portion. The carcass 120 also contributes to reduction in the weight of the tire 112.
Thus, from the viewpoint of weight reduction, steering stability, and wear resistance, it is preferable that the carcass 120
in the tire 112 includes the first carcass ply 146 and the second carcass ply 148, the first carcass ply 146 is turned up
around the cores 134, the second carcass ply 148 is not turned up around the cores 134, and the ends 152 of the second
carcass ply 148 is disposed near the cores 134.

[0115] In FIG. 5, a reference character PT indicates a toe of the tire 112. A reference character PH indicates a heel
of the tire 112. A portion 154, of the outer surface of the tire 112, from the toe PT to the heel PH is called a seat surface.
Although not shown, the tire 112 is fitted into a rim. The seat surface 154 of the tire 112 is put on the seat of a rim into
which the tire 112 is fitted.

[0116] In FIG. 5, an angle of the seat surface 154 of the tire 112 relative to the axial direction, i.e., the tilt angle of the
seat surface 154, is represented by an angle 6. A reference character P5 indicates a position, on the seat surface 154,
which is 5 mm away from the toe PT. In the present invention, the tilt angle 6 of the seat surface 154 is represented on
the basis of the tilt of a portion, of the seat surface 154, from the toe PT to the position P5. The tilt angle 6 is also called
a toe angle.

[0117] In the tire 112, the tilt angle 6 is preferably not less than 15° and is preferably not greater than 35°. If the tilt
angle 6 is set so as to be not less than 15°, the bead 118 portion is prevented from being detached from a rim when a
force is applied to the bead 118 portion of the tire 112 in the lateral direction. If the angle is set so as to be not greater
than 35°, the tire 112 appropriately fits on a rim. In the tire 112, from the viewpoint that the movement of the core 134
is not restrained, and mild behavior is exhibited in extreme situations, the tilt angle 6 is more preferably not less than
20° and is more preferably not greater than 30°.

[0118] A portion of the outer surface of the tire 112 between a tread surface 156 and the seat surface 154 is called a
side surface 158. In the present invention, a portion, of the side surface 158, which is brought into contact with a rim is
called a clinch surface 160. A portion positioned radially outward of the clinch surface 160 is called a sidewall surface
162. In FIG. 5, a reference character PB indicates a boundary between the clinch surface 160 and the sidewall surface
162. In the tire 112, the sidewall surface 162 has a shape that projects generally outward in the axial direction, taking
deformation into consideration. The clinch surface 160 has a shape that projects generally inward in the axial direction,
taking fitting on a rim into consideration. In the tire 112, the outline of the clinch surface 160 is appropriately adjusted.
[0119] InFIG. 5, adotted line FR represents an outline of a flange of a rim (normal rim) into which the tire 112 is fitted.
In a state where the tire 112 is fitted into a rim, and is inflated with air so that the internal pressure of the tire 112 is a
normal internal pressure, a part of the clinch surface 160 is in contact with the rim. In FIG. 5, a reference character PE
indicates a radially outer end of the contact surface. In the present invention, the outer end PE is specified in a state
where a load is not applied.

[0120] In the tire 112, a portion, of the clinch surface 160, from the boundary PB to the outer end PE, i.e., a radially
outer portion of the clinch surface 160, has a shape that is along the flange FR of a rim. As shown in FIG. 5, in a state
where the tire 112 is inflated with air so that the internal pressure is adjusted to a normal internal pressure, this portion
is notin contact with the flange FR of the rim. A margin for deformation is assured, and therefore, in the tire 112, excessive
increase in vertical stiffness is prevented. In the tire 112, good steering stability is maintained.

[0121] In the tire 112, an outline of the radially outer portion of the clinch surface 160 is represented by an arc. The
outline of the clinch surface 160 includes an arc. In FIG. 5, an arrow Rc represents a radius of the circle which includes
the arc. In the tire 112, a position of one end (first end) of the arc coincides with the position of the boundary PB. In other
words, the first end of the arc is the boundary PB. A position of the other end (second end) of the arc coincides with a
position of the outer end PE. In other words, the second end is the outer end PE. In the tire 112, the second end may
be positioned near the outer end PE. The second end may be positioned radially inward of the outer end PE or may be
positioned radially outward of the outer end PE. That the second end is positioned near the outer end PE means that a
length from the outer end PE to the second end is not greater than 5 mm.

[0122] In the tire 112, the radius Rc of the circle that includes the arc representing the outline of the radially outer
portion of the clinch surface 160 is preferably not less than 10 mm and is preferably not greater than 25 mm. As a result,
sufficient deformation in the lateral direction is assured to such a degree that a driver does not feel that the tire 112
twists. The tire 112 provides better steering stability.

[0123] In FIG. 5, a double-headed arrow HC represents a distance in the radial direction from the bead base line to
the boundary PB. A double-headed arrow HF represents a distance in the radial direction from the bead base line to a
radially outer end of the flange FR of a rim. The distance HF is also called a flange height.

[0124] In the tire 112, a ratio of the distance HC to the flange height HF is preferable not less than 110% and is
preferably not greater than 120%. As a result, the radially outer portion of the clinch surface 160 is separated from the
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flange FR of the rim over an appropriate distance. In the tire 112, even when the clinch surface 160 is moved closer to
a rim due to a load being applied, the clinch surface 160 is prevented from coming into contact with the flange FR. The
tire 112 is inhibited from moving so as to press the rim, and therefore, excessive increase in vertical stiffness is prevented
in the tire 112. The tire 112 maintains good steering stability.

EXAMPLES

[0125] Hereinafter, effects of the present invention will become apparent according to examples. However, the present
invention should not be restrictively construed based on the description of examples.

[Experiment 1]
[Example 1]

[0126] A tire shown in FIGS. 1 to 4 was produced. The size of the tire was 225/40R18. The specifications of example
1 were as indicated in Table 1 below.

[0127] In example 1, a cord formed of a polyethylene naphthalate (PEN) fiber was employed in the first carcass cord
and the second carcass cord. The fineness of the cord was 4500 dtex. A cord formed of an aramid fiber was employed
in the filler cord. The fineness of the cord was 4000 dtex.

[Comparative example 1]

[0128] Comparative example 1 is a conventional tire shown in FIG. 7. The size of the tire was 225/40R18. The spec-
ifications of comparative example 1 were as indicated in Table 1 below.

[0129] In comparative example 1, a cord formed of a polyethylene terephthalate (PET) fiber was employed in the first
carcass cord and the second carcass cord. The fineness of the cord was 4500 dtex. A cord formed of an aramid fiber
which was the same as the filler cord of example 1 was employed as the filler cord included in each of the first and
second fillers.

[0130] In comparative example 1, the ratio of the difference between the height, in the radial direction, of the outer
portion of the first filler and the height, in the radial direction, of the inner portion of the first filler, relative to the cross-
sectional height, was 10%. The ratio corresponds to the ratio (DA/H) in Table 1. The ratio of the height, in the radial
direction, of the second filler to the cross-sectional height was 55%. The ratio corresponds to the ratio (HS/H) in Table 1.

[Comparative example 2]

[0131] A tire of comparative example 2, which was similar to that of example 1 except that the angle a1 of the first
carcass cord and the angle a2 of the second carcass cord were as indicated in Table 1 below, was obtained.

[Example 2]

[0132] A tire of example 2, which was similar to that of example 1 except that a cord formed of a PET fiber was used
as the first carcass cord and the second carcass cord, was obtained. The fineness of the cord formed of the PET fiber
was 4500 dtex.

[Example 3]

[0133] A tire of example 3, which was similar to that of example 1 except that the ratio (HU/H) of the height HU, in the
radial direction, of the inner portion to the cross-sectional height H, and the ratio (HS/H) of the height HS, in the radial
direction, of the outer portion to the cross-sectional height H were as indicated in Table 1 below, was obtained.

[Example 4]

[0134] A tire of example 4, which was similar to that of example 1 except that a cord formed of a PET fiber was used
as the filler cord, was obtained. The fineness of the cord formed of the PET fiber was 4500 dtex.

[Examples 5 and 6]

[0135] Tire of examples 5 and 6, which were similar to that of example 1 except that the ratio (H1/H) of the height H1,

13



10

15

20

25

30

35

40

45

50

55

EP 3 354 487 A1

in the radial direction, of the first turned-up portion to the cross-sectional height H was as indicated in Table 2 below,
were obtained.

[Examples 7 and 8]

[0136] Tires of examples 7 and 8, which were similar to that of example 1 except that the angle B of the filler cords in
the outer portion was as indicated in Table 2 below, were obtained.

[Examples 9 to 12 and comparative example 3]

[0137] Tires of examples 9 to 12 and comparative example 3, which were similar to that of example 1 except that the
ratio (HA/H) of the height HA, in the radial direction, of the apex to the cross-sectional height H, the ratio (HU/H), and
the ratio (HS/H) were as indicated in Table 3 below, were obtained.

[Examples 13 to 17]

[0138] Tires of examples 13 to 17, which were similar to that of example 1 except that the ratio (HU/H) and the ratio
(HS/H) were changed, and the ratio (DA/H) of the difference DA between the height HA of the apex and the height HU,
in the radial direction, of the inner portion relative to the cross-sectional height H was as indicated in Table 4 below,
were obtained.

[Examples 18 to 20]

[0139] Tires of examples 18 to 20, which were similar to that of example 1 except that the ratio (HS/H) was changed
and the ratio (DS/H) of the distance DS in the radial direction between the end of the inner portion and the end of the
outer portion relative to the cross-sectional height H was as indicated in Table 5 below, were obtained.

[Example 21]

[0140] A tire of example 21, which was similar to that of example 1 except that the ratio (HA/H), the ratio (HU/H), and
the ratio (HS/H) were changed, and the ratio (DS/H) and the ratio (DA/H) were as indicated in Table 5 below, was obtained.

[Traction]

[0141] Each tire was mounted on a rim (rim size = 18 X 9.0 J), and was inflated with air to an internal pressure of 210
kPa. The vertical stiffness was measured using a stiffness tester in the case where a vertical load of 2.94 kN was applied
and in the case where a vertical load of 5.88 kN was applied. The average value of these vertical stiffnesses was obtained.
The reciprocal of the average value was calculated. The results are indicated as indexes where the calculation result of
comparative example 1 is 100 in Tables 1 to 5 below. The greater the value is, the better the traction performance is.

[Low-load cornering]

[0142] A cornering force was measured using a flat belt-type tire 6-component force measuring device under the
following measurement conditions.

Rim used: 18 X 6.0 J
Internal pressure: 210 kPa
Load: 2.94 kN

Speed: 50 km/h

Camber angle: 0°

Slip angle: 4°

[0143] Indexes where the cornering force of comparative example 1 is 100 are indicated in Tables 1 to 5 below.
[High-load cornering]

[0144] A cornering force was measured using a flat belt-type tire 6-component force measuring device under the
following measurement conditions.
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[0145] Indexes where the cornering force of comparative example 1 is 100 are indicated in Tables 1 to 5 below.

[Steering stability]

[0146] Each tire was mounted on a rim (rim size = 18 X 6.0 J), and was inflated with air to an internal pressure of 210
kPa. The tire was mounted to a four-wheeled automotive vehicle, for racing, having an engine displacement of 4300 cc.
A driver was caused to drive the vehicle on a racing circuit to evaluate steering stability. The results are indicated as
indexes in Tables 1 to 5 below. The greater the value is, the better the evaluation is.

[Table 1]
[0147]
Table 1 Evaluation result
Comparative Example Comparative Example Example | Example
example 1 1 example 2 2 3 4

Carcass
Structure FIG.7 FIG. 1 FIG. 1 FIG. 1 FIG. 1 FIG. 1
Carcass cord PET PEN PEN PET PEN PEN
all’] -86 -86 -79 -86 -86 -86
a2’ 86 86 79 86 86 86
Ratio (H1/H) [%] 85 30 30 30 30 30
Ratio (H2/H) [%] 5 5 5 5 5 5
Bead
Ratio (HA/H) [%] 40 60 60 60 60 60
Filler
;he?el‘;mber 2 1 1 1 1 1
Filler cord Aramid Aramid Aramid Aramid Aramid PET
Bl 45 45 45 45 45 45
FOZ]“O (HU/H) - 55 55 55 50 55
Ratio (HS/H) [%] - 50 50 50 55 50
Ratio (DS/H) [%] - 5 5 5 5 5
Ratio (DA/H) [%] - 5 5 5 5 5
Traction 100 115 90 113 115 113
(';g;’;:;ig 100 115 90 105 115 105
':;?:e's:g 100 115 118 105 115 105
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(continued)
Filler
Stfl?i:iitr;/g 100 150 95 125 150 125
[Table 2]
[0148]
Table 2 Evaluation result
Example 5 | Example 6 | Example 7 | Example 8
Carcass
Structure FIG. 1 FIG. 1 FIG. 1 FIG. 1
Carcass cord PEN PEN PEN PEN
all[] -86 -86 -86 -86
a2 [°] 86 86 86 86
Ratio (H1/H) [%] 35 40 30 30
Ratio (H2/H) [%] 5 5 5 5
Bead
Ratio (HA/H) [%] 60 60 60 60
Filler
The number thereof 1 1 1 1
Filler cord Aramid Aramid Aramid Aramid
Bl 45 45 25 65
Ratio (HU/H) [%] 55 55 55 55
Ratio (HS/H) [%] 50 50 50 50
Ratio (DS/H) [%] 5 5 5 5
Ratio (DA/H) [%] 5 5 5 5
Traction 115 106 115 115
Low-load cornering 114 113 100 100
High-load cornering 116 117 100 100
Steering stability 150 140 115 115
[Table 3]
[0149]
Table 3 Evaluation result
Comparative example 3 | Example 9 | Example 10 | Example 11 | Example 12
Carcass
Structure FIG. 1 FIG. 1 FIG. 1 FIG. 1 FIG. 1
Carcass cord PEN PEN PEN PEN PEN
all[] -86 -86 -86 -86 -86

16




10

15

20

25

30

35

40

45

50

55

EP 3 354 487 A1

(continued)
Comparative example 3 | Example 9 | Example 10 | Example 11 | Example 12
Carcass
a2 [°] 86 86 86 86 86
Ratio (H1/H) [%] 30 30 30 30 30
Ratio (H2/H) [%] 5 5 5 5 5
Bead
Ratio (HA/H) [%] 42 45 55 65 68
Filler
The number thereof 1 1 1 1 1
Filler cord Aramid Aramid Aramid Aramid Aramid
Bl 45 45 45 45 45
Ratio (HU/H) [%] 37 40 50 60 63
Ratio (HS/H) [%] 32 35 45 55 58
Ratio (DS/H) [%] 5 5 5 5 5
Ratio (DA/H) [%] 5 5 5 5 5
Traction 118 116 115 108 100
Low-load cornering 90 108 115 110 108
High-load cornering 90 108 115 117 118
Steering stability 95 135 150 140 125
[Table 4]
[0150]
Table 4 Evaluation result
Example 13 | Example 14 | Example 15 | Example 16 | Example 17

Carcass

Structure FIG. 1 FIG. 1 FIG. 1 FIG. 1 FIG. 1

Carcass cord PEN PEN PEN PEN PEN

all’] -86 -86 -86 -86 -86

a2[°] 86 86 86 86 86

Ratio (H1/H) [%] 30 30 30 30 30

Ratio (H2/H) [%] 5 5 5 5 5

Bead

Ratio (HA/H) [%] 60 60 60 60 60

Filler

The number thereof 1 1 1 1 1

Filler cord Aramid Aramid Aramid Aramid Aramid

Bl 45 45 45 45 45

Ratio (HU/H) [%] 70 65 60 57 50
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(continued)
Filler
Ratio (HS/H) [%] 65 60 55 52 45
Ratio (DS/H) [%] 5 5 5 5 5
Ratio (DA/H) [%] -10 -5 0 3 10
Traction 108 110 112 115 115
Low-load cornering 110 112 114 115 108
High-load cornering 117 117 116 115 108
Steering stability 140 143 147 150 135
[Table 5]
[0151]
Table 5 Evaluation result
Example 18 | Example 19 | Example 20 | Example 21

Carcass

Structure FIG. 1 FIG. 1 FIG. 1 FIG. 1

Carcass cord PEN PEN PEN PEN

all’] -86 -86 -86 -86

a2[°] 86 86 86 86

Ratio (H1/H) [%] 30 30 30 30

Ratio (H2/H) [%] 5 5 5 5

Bead

Ratio (HA/H) [%] 60 60 60 45

Filler

The number thereof 1 1 1 1

Filler cord Aramid Aramid Aramid Aramid

Bl 45 45 45 45

Ratio (HU/H) [%] 55 55 55 40

Ratio (HS/H) [%] 52 45 40 30

Ratio (DS/H) [%] 3 10 15 10

Ratio (DA/H) [%] 5 5 5 5

Traction 115 115 115 117

Low-load cornering 115 113 108 90

High-load cornering 115 113 108 90

Steering stability 150 145 135 95

[0152] As indicated in Tables 1 to 5, evaluation of the tires of the examples is higher than that of the tires of the

comparative examples. The evaluation result clearly indicates that the present invention is superior.
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[Experiment 2]
[Reference example]
[0153] A reference example is the tire of example 1 in above-indicated Table 1. To verify an enhanced effect of the
present invention, the reference example (example 1) was used as a reference in experiment 2.
[0154] The core of the reference example was a single bead. This is indicated by "Single" in the cell for the bead
structure in Table 6. The tilt angle 6, i.e., toe angle, of the seat surface was 25°. The radius Rc of the circle including
the arc of the radially outer portion of the clinch surface was 8.0 mm. The ratio of the distance HC in the radial direction
from the bead base line to the boundary PB, to the flange height HF, was 116%.
[Example 22]

[0155] Atire of example 22, which was similar to that of the reference example except that the carcass had the structure
shown in FIG. 5, the bead core was replaced by a cable bead, and the tilt angle 6 and the radius Rc were as indicated
in Table 6 below, was obtained. Employing a cable bead as the core is indicated by "Cable" in the cell for the bead
structure in Table 6.

[Example 23]

[0156] A tire of example 23, which was similar to that of example 22 except that the carcass had the structure shown
in FIG. 1 as in the reference example, was obtained.

[Examples 24 to 27]

[0157] Tires of examples 24 to 27, which were similar to that of example 22 except that the tilt angle 6 was as indicated
in Table 6 below, were obtained.

[Examples 28 to 31]

[0158] Tires of examples 28 to 31, which were similar to that of example 22 except that the radius Rc was as indicated
in Table 7 below, were obtained.

[Examples 32 to 35]

[0159] Tires of examples 32 to 35, which were similar to that of example 22 except that the ratio (HC/HF) was as
indicated in Table 8 below, were obtained.

[Steering stability]

[0160] Each tire was mounted on a rim (rim size = 18 X 6.0 J), and was inflated with air to an internal pressure of 210
kPa. The tire was mounted to a four-wheeled automotive vehicle, for racing, having an engine displacement of 4300 cc.
A driver was caused to drive the vehicle on a racing circuit to evaluate steering stability. The results are indicated as
indexesin Tables 6 to 8 below. The greater the value is, the more excellent the steering stability is, which is more preferable.
[Wear resistance]

[0161] Each tire was mounted on a rim (rim size = 18 X 6.0 J), and was inflated with air to an internal pressure of 210
kPa. The tire was mounted to a four-wheeled automotive vehicle, for racing, having an engine displacement of 4300 cc.
A driver was caused to drive the vehicle. After the vehicle ran on an ordinary road over 6000 km and on an expressway
over 4000 km, the amount of wear in a shoulder portion of the tire was measured. The results are indicated as indexes
in Tables 6 to 8 below. The greater the value is, the more excellent the wear resistance is, which is more preferable.

[Table 6]

[0162]
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Table 6 Evaluation result

20

Reference Example Example Example Example Example Example
example 23 24 25 22 26 27
Carcass
Structure FIG. 1 FIG. 1 FIG. 5 FIG. 5 FIG. 5 FIG. 5 FIG. 5
Carcass cord PEN PEN PEN PEN PEN PEN PEN
all’] -86 -86 -86 -86 -86 -86 -86
a2 [°] 86 86 86 86 86 86 86
Ratio (H1/H) 30 30 30 30 30 30 30
[%]
Ratio (H2/H)
[%] ° ° ] ] ] ] ]
Bead
Structure Single Cable Cable Cable Cable Cable Cable
Ratio (HA/H) 60 60 60 60 60 60 60
[%]
Filler
The number
thereof 1 1 1 1 1 1 1
Filler cord Aramid Aramid Aramid Aramid Aramid Aramid Aramid
B I 45 45 45 45 45 45 45
Ratio (HU/H) 55 55 55 55 55 55 55
[%]
Ratio (HS/H) 50 50 50 50 50 50 50
[%]
Ratio (DS/H)
5 5 5 5 5 5 5
[%]
Ratio (DA/H)
5 5 5 5 5 5 5
[%]
Angle 6 [°] 25 27 15 20 27 30 35
Radius Re 8.0 19.6 19.6 19.6 19.6 19.6 19.6
[mm]
Ratio (HC/HF) 116 116 116 116 116 116 116
[%]
Steering
" 150 153 143 155 158 156 153
stability
Wear 3.0 3.2 3.0 3.2 34 3.0 28
resistance
[Table 7]
[0163]
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Table 7 Evaluation result

Example 28 | Example 29 | Example 30 | Example 31
Carcass
Structure FIG.5 FIG. 5 FIG. 5 FIG. 5
Carcass cord PEN PEN PEN PEN
all’] -86 -86 -86 -86
a2[°] 86 86 86 86
Ratio (H1/H) [%] 30 30 30 30
Ratio (H2/H) [%] - - - -
Bead
Structure Cable Cable Cable Cable
Ratio (HA/H) [%] 60 60 60 60
Filler
The number thereof 1 1 1 1
Filler cord Aramid Aramid Aramid Aramid
Bl 45 45 45 45
Ratio (HU/H) [%] 55 55 55 55
Ratio (HS/H) [%] 50 50 50 50
Ratio (DS/H) [%] 5 5 5 5
Ratio (DA/H) [%] 5 5 5 5
Angle 8 [°] 27 27 27 27
Radius Rc [mm] 10.0 15.0 25.0 30.0
Ratio (HC/HF) [%] 116 116 116 116
Steering stability 143 150 153 147
Wear resistance 3.0 3.2 3.2 3.0

Table 8 Evaluation result

Example 32 | Example 33 | Example 34 | Example 35
Carcass
Structure FIG.5 FIG. 5 FIG. 5 FIG. 5
Carcass cord PEN PEN PEN PEN
all’] -86 -86 -86 -86
a2[°] 86 86 86 86
Ratio (H1/H) [%] 30 30 30 30
Ratio (H2/H) [%] - - - -
Bead
Structure Cable Cable Cable Cable
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(continued)
Bead
Ratio (HA/H) [%] 60 60 60 60
Filler
The number thereof 1 1 1 1
Filler cord Aramid Aramid Aramid Aramid
Bl 45 45 45 45
Ratio (HU/H) [%] 55 55 55 55
Ratio (HS/H) [%] 50 50 50 50
Ratio (DS/H) [%] 5 5 5 5
Ratio (DA/H) [%] 5 5 5 5
Angle 8 [°] 27 27 27 27
Radius Rc [mm] 19.6 19.6 19.6 19.6
Ratio (HC/HF) [%] 105 110 120 125
Steering stability 143 150 153 147
Wear resistance 3.0 3.2 3.2 3.0

[0165] As indicated in Tables 6 to 8, it was confirmed that, in the tires of the examples, a cable bead was employed
as the core, and the end of the second carcass ply was positioned near the core without turning up the second carcass
ply around the core, and the like, so that the steering stability and the wear resistance were further improved. The
evaluation result also clearly indicates that the present invention is superior.

INDUSTRIAL APPLICABILITY

[0166] The above-described techniques for achieving rapid cornering and outstanding acceleration are applicable to
various types of tires.
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DESCRIPTION OF THE REFERENCE CHARACTERS

[0167]

2,42, 112---tire
4,50, 120---carcass

6--first ply
8---second ply

10, 48, 118---bead

12---turned-up

portion of first ply 6

14---main portion of first ply 6
16---main portion of second ply 8
18:--end of turned-up portion 12
20, 52, 122---belt

22--first filler

24---second filler
26---inner portion
28---outer portion

30---inner end
32---outer end

of second filler 24
of second filler 24

34, 44, 114---tread
46, 116---sidewall

62, 132--filler

22



10

15

20

25

30

40

45

50

55

EP 3 354 487 A1

64, 156---tread surface
66, 134---core

68, 136---apex

70, 150---carcass ply

72, 146--first carcass ply

72a
72b

---first main portion
---first turned-up portion

74, 148---second carcass ply

74a
74b

---second main portion

---second turned-up portion
100--
106--
108--
138
140--

end of second turned-up portion 74b
end of first turned-up portion 72b
first carcass cord

second carcass cord

inner portion

outer portion

end of inner portion 92

end of outer portion 94

filler cord

outer end of apex 68

end of belt 52

core wire

sheath wire

146a---main portion
146b---turned-up portion

152
154--
158:-
160--
162

Claims

end of second carcass ply 148
seat surface

side surface

clinch surface

sidewall surface

1. A pneumatic tire comprising:

atread;

a pair of sidewalls;

a pair of beads;

a carcass;

a belt; and

a pair of fillers, wherein

the sidewalls extend from ends, respectively, of the tread almost inward in a radial direction,

the beads are disposed axially inward of the sidewalls, respectively, the beads include cores and apexes, and
each apex extends from a corresponding one of the cores outward in the radial direction,

the carcass is extended on and between one of the beads and the other of the beads, along inside of the tread
and the sidewalls, the carcass includes a carcass ply, the carcass ply includes a main portion and a pair of
turned-up portions, the main portion is extended on and between one of the cores and the other of the cores,
and each of the turned-up portions extends from a portion near a corresponding one of the cores outward in
the radial direction,

the belt and the carcass are layered radially inward of the tread,

the fillers are disposed between the carcass and the beads, respectively, the fillers include inner portions and
outer portions, the inner portions are disposed axially inward of the beads, respectively, and extend from near
the cores, respectively, outward in the radial direction, and the outer portions are disposed axially outward of
the beads, respectively, and extend from near the cores, respectively, outward in the radial direction,

the carcass ply includes multiple carcass cords aligned with each other, and an absolute value of an angle of
each of the carcass cords relative to an equator plane is not less than 80° and not greater than 90°,

ends of the inner portions and ends of the outer portions are disposed between ends of the belt and ends of
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the turned-up portions, respectively, in the radial direction,

a ratio of a height, in the radial direction, of each apex to a cross-sectional height of the tire is not less than 45%,
a ratio of a height, in the radial direction, of each inner portion to the cross-sectional height is not less than 35%,
and

a ratio of a height, in the radial direction, of each outer portion to the cross-sectional height is not less than 35%.

The pneumatic tire according to claim 1, wherein
the ratio of the height, in the radial direction, of each apex to the cross-sectional height is not greater than 65%.

The pneumatic tire according to claim 1 or 2, wherein
the carcass cords are formed of a polyethylene naphthalate fiber.

The pneumatic tire according to claim 3, wherein
the carcass cords have a fineness of not less than 3000 dtex and not greater than 6000 dtex.

The pneumatic tire according to any one of claims 1 to 4, wherein

each of the fillers includes multiple filler cords aligned with each other, and

each of the filler cords is tilted relative to the radial direction, and an absolute value of an angle of the tilt is not less
than 30° and not greater than 60°.

The pneumatic tire according to claim 5, wherein
the absolute value of the angle of the tilt is 45°.

The pneumatic tire according to claim 5 or 6, wherein
the filler cords are formed of an aramid fiber.

The pneumatic tire according to claim 7, wherein
the filler cords have a fineness of not less than 2000 dtex and not greater than 6000 dtex.

The pneumatic tire according to any one of claims 1 to 8, wherein
a ratio of a distance in the radial direction from the end of each inner portion to the end of a corresponding one of
the outer portions to the cross-sectional height is not less than 3% and not greater than 10%.

The pneumatic tire according to any one of claims 1 to 9, wherein
aratio of a height, in the radial direction, of each turned-up portion to the cross-sectional heightis not greater than 35%.

The pneumatic tire according to any one of claims 1 to 10, wherein

the ends of the inner portions are disposed radially outward of the ends of the outer portions, respectively, and

a ratio of a difference between the height, in the radial direction, of each apex and the height, in the radial direction,
of a corresponding one of the inner portions, to the cross-sectional height, is not less than -5% and not greater than 5%.

The pneumatic tire according to any one of claims 1 to 10, wherein

the ends of the outer portions are disposed radially outward of the ends of the inner portions, respectively, and

a ratio of a difference between the height, in the radial direction, of each apex and the height, in the radial direction,
of a corresponding one of the outer portions, to the cross-sectional height, is notless than-5% and not greaterthan 5%.

The pneumatic tire according to any one of claims 1 to 12, wherein
each core includes a core wire and a plurality of sheath wires, and the sheath wires are helically wound around the
core wire.

The pneumatic tire according to claim 13, wherein

the carcass includes two carcass plies as the carcass ply, a first carcass ply which is one of the carcass plies is
turned up around the cores, and a second carcass ply which is the other of the carcass plies is not turned up around
the cores, and ends of the second carcass ply are disposed near the respective cores.
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